19 September test, the accident report says, a weld in a superconducting wire connecting two magnets heated above its operating temperature. That in effect turned the wire into a resistor -causing a massive 8.7 kiloamps of power to arc through the liquid helium and puncture into the surrounding vacuum vessel.
In just milliseconds, the arc managed to vaporize a "significant fraction" of the nearly metre-long connection between the two magnets, says Jim Strait, an accelerator physicist at the Fermi National Accelerator Laboratory in Batavia, Illinois, who has been consulting on the accident investigation. The liquid helium flowed through the hole and into an insulating region of vacuum, which was meant to work as a thermos to keep the magnets cool. Relief valves designed to allow the helium to escape were overwhelmed and, within seconds, the pressure in the machine became powerful enough to wrench magnets off their concrete supports.
Strait says that the relief valves' tolerances were based on "incorrect assumptions" about how much helium might escape in an accident. "The total amount of helium released was larger than the valves were designed to handle," he says. "You could call it a design error." Gillies says that "clearly something was wrong" with the models of how much helium could be released, but he adds that it is difficult to foresee every possible scenario. "This thing is its own prototype," he says.
The electrical arc also penetrated the beam pipes, allowing soot from the accident to contaminate the pipes. "It's a mess in the affected spots," Strait says.
CERN is looking at adding extra relief valves and developing new diagnostics to catch such a failure before it occurs. A late May or early June start-up seems ambitious to Strait, but he has faith in the team at CERN. "It looks very difficult to me, but I would not count them out, " he says.
Those awaiting the start of the machine remain stoic. "We are a bit disappointed, " says Peter Jenni, a spokesman for the ATLAS detector, which employs more than 2,500 physicists. "But we all understand that in such an enterprise, things can go wrong. " ■
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Eight-month delay for LHC "The amount of helium released was larger than the valves were designed to handle." Broken magnets at CERN will need to be replaced.
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